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Abstract 
Titanium Chromium Nitride (TiCrN) multilayer coatings on cutting tools, press molds and dies can be used to 
prolong their life cycle because of their superior corrosion and oxidation resistance. We investigated on three 
effecting conditions, which are the magnetron discharging powers of Ti, Cr targets and N2 flow rate. TiCrN 
multilayer coatings were prepared by dual DC magnetron sputtering, and their crystallography and microstructure 
were investigated. The crystalline structures were obtained the cubic and mixed phase of Ti0.5Cr0.5N with the mean 
lattice parameters of a = b = c = 4.238 Å and TiCrN2 with mean lattice parameters of a = b = c = 4.1835 Å for the 
condition of discharging powers on Ti and Cr target, respectively. However, the N2 flow rate condition, the 
orthorhombic oriented structure had been added to the structure with the mean lattice parameters of a = 2.962 Å,          
b = 4.130 Å and c = 2.875 Å. The morphology of TiCrN thin films show mean gain size ~ 100–200 nm, and the 
thickness of ~1Pm Cr-layer, ~0.5 Pm CrN-layer and ~2 Pm TiCrN-layer.  
© 2010 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of I-SEEC2011 
Keywords: TiCrN multilayer coatings; DC magnetron sputtering; thin film 
1. Introduction 
In recent years, titanium chromium nitride (TiCrN) coatings offer a possible solution as it can be 
impede the damage mechanisms [1-2], which it is based from TiN hard coating applications such as drill, 
cutting tools, etc. [3]. However, TiN coatings are limited for the high-temperature applications above 
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500 ÑC, the high-speed dry machining process, due to poor oxidation resistance [4, 5]. One of these 
coatings, TiCrN coatings is shown much improved oxidation resistance and better mechanical properties 
[6].These properties of the films are closely related to certain characteristics such as atomic composition, 
structure of the films, which in turn depend on deposition parameters. 
In this work, we presented effecting of magnetron discharge power and N2 Flow rate for preparation of 
TiCrN thin film. Found three effecting conditions are composed of Ti magnetron discharge power, Cr 
magnetron discharge and N2 flow rate. The TiCrN multilayer coatings are prepared by dual DC 
magnetron sputtering and analyzed the crystallography and microstructure. 
2. Materials and Methodology 
The TiCrN films are produced by reactive DC magnetron co-sputtering with individual pure 
chromium and titanium targets. The Ti and Cr magnetrons are set at 30q geometry slight unbalanced and 
the target to substrate distance set at 70 mm. The TiCrN films are deposited on glass slides size of 75 u 25 
u 1.0 mm3, which thoroughly cleaned by ultrasonically washed in detergent mixed pure water and ethanol 
respectively and dried before being placed in the vacuum chamber. The system used for coating is a 
Varian 3120 deposition unit equipped with Pirrani gauges and Tylan mass flow controllers to moniter the 
pressure and flow rates of nitrogen and argon gas respectively. Before sputtering, the chamber is 
evacuated to a pressure below 1.0 u 105 Torr. Once a high vacuum of at least 1.0 x 10-5 Torr is reached, 
the sample holder is heated and maintained at a predetermined temperature of 250qC. The targets are 
sputter cleaned with argon gas for 10 minutes while the substrates and shielded by shutters over the 
magnetrons. Then a thin has intermediate layer of chromium for 2 minutes. Reactive gas of high purity 
(99.99%) nitrogen gas is injected into the deposition chamber through an Alltech gas purifier filter to 
form the chromium nitride for 2 minutes. Then a thin has intermediate layer of titanium to form the 
titanium chromium nitride thin films for 45 minutes. The coatings are deposited at a constant nitrogen 
pressure of 18 sccm. The argon pressure is maintained constant 3.0 mTorr during the deposition process. 
The titanium magnetron current is set a constant level of 5.0 A, which corresponds to a discharge power 
of 7.5 W/cm2. The chromium magnetron discharge power is adjusted as a process variable from 1.5 to 7.5 
W/cm2. And study of various nitrogen pressure ranging from 10 to 20 sccm, during the deposition process  
chromium and titanium target (99.99%) are sputtered at discharge power of 7.5 W/cm2 and      6.0 W/cm2
and the targets to substrate distance, the substrate temperature and the argon pressure are maintained at 70 
mm, 250qC and 3.0 mTorr respectively. After completing a deposition for 45 minutes, 1.0 to 2.0 μm thick 
coatings developed on the substrate. The surface morphology of films is observed by using a JEOL 6300F 
field emission SEM operated at an accelerating voltage of 8 kV. The crystalline structures of the coatings 
are analyzed by XRD technique using a Siemens D5000 diffractometer with Cu KD radiation at small 
scattering angles. 
3. Results and Discussion 
The crystalline of TiCrN film has been obtained cubic structure and mixed phase of Ti0.5Cr0.5N with 
the mean lattice parameters of a = b = c = 4.238 Å for Ti magnetron discharge power conditions as shown 
in Fig. 1 and TiCrN2 with the mean lattice parameters of a = b = c = 4.1835 Å for Cr magnetron discharge 
power conditions as shown in Fig. 2. However, the N2 flow rate condition has been added orthorhombic 
structure with the mean lattice parameters of a = 2.962 Å, b = 4.130 Å and c = 2.875 Å as shown in Fig. 3. 
The morphology of TiCrN thin film were shown the gain size with the mean ~ 100–200 nm, thickness 
layer of Cr of ~1Pm, CrN of ~0.5 Pm and TiCrN of ~ 2 Pm.  
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Fig. 1. XRD and SEM for the condition of magnetron discharge effecting of Ti
Fig. 2. XRD and SEM for the condition of magnetron discharge effecting of Cr
1138  S. Samapisut et al. / Procedia Engineering 32 (2012) 1135 – 1138

Fig. 3. XRD and SEM for the condition of magnetron discharge effecting of N2 flow rate
3. Conclusions 
The TiCrN multilayer coatings were prepared by dual DC magnetron sputtering. The crystalline 
structures were shown the cubic and mixed Ti0.5Cr0.5N and TiCrN2 phases for the condition of discharging 
powers on Ti and Cr target, respectively. The orthorhombic oriented structure has been added to the 
structure for N2 flow rate condition. The microstructure of TiCrN thin films has been the gain size ~ 100–
200 nm, and the thickness of ~1Pm Cr-layer, ~0.5 Pm CrN-layer and ~2 Pm TiCrN-layer. 
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